We used the Revised Flat Galaxy Catalog (RFGC) to create a sample of ultra-flat galaxies (UFG) covering the whole northern and southern sky apart from the Milky Way zone. It contains 817 spiral galaxies seen edge-on, selected into the UFG sample according to their apparent axial ratios (a/b) B ≥ 10.0 and (a/b) R ≥ 8.53 in the blue and red bands, respectively. Within this basic sample we fixed an exemplary sample of 441 UFG galaxies having the radial velocities of V LG < 10000 km s −1 , Galactic latitude of | b |> 10
INTRODUCTION
In his study "The Classification of Spiral Galaxies" [1] Edwin Hubble, answering the criticisms of John Reynolds has re-designated the structural features that divide the spiral galaxies into the "early" (Sa), "intermediate" (Sb) and "late" (Sc) types. He called the relative size of the unresolved galactic nucleus (sign 1) the first and basic criterion, i.e. in the contemporary terminology the size of the bulge with respect to the disk. By the time, only 290 images were used to classify the spirals, and hence, Hubble did not consider the axial ratio to be an essential criterium for the classification, as urged by Reynolds. Nevertheless, sign (1) , along with the openness of the spiral structure (2) and the de-gree of concentration of matter in the arms (3) formed a solid basis for Hubble's statistical conclusions about the relationship of different characteristics of galaxies. In the same paper [1] Hubble did not agree with Reynolds's assumption that the spirals, seen edge-on, should be classified in a separate class, according to the ratio of their axes and the absorption pattern in them.
A further elaboration and development of the Hubble sequence of galaxies is due mainly to the widely known studies of de Vaucouleurs and Sandage (see, e.g., the survey by Buta [2] ). The class of the late Hubble spirals Sc got a natural extension for the "bulge-less" Scd, Sd, and Sm types for all the angles of inclination to the line of sight i. At that, as shown by Karachentsev [3] , the galaxies, seen nearly edge-on (i > 85 • ) are much easier to classify by the (reverse) "bulge/disk" ratio and isolate among them very thin purely disk spirals. As it was stressed by Kormendy and Kennicutt [4] , ultra-thin spiral galaxies are of particular interest in light of their origin and survival in the environments of different density.
Flat galaxies were long known as spiral galaxies of late morphological types, seen edge-on, with a small or a missing nucleus [5, 6] . To date, a large number of observations of flat galaxies were conducted in the optical and radio ranges (see the survey of Kautsch [7] ). However, a systematic catalogization of flat galaxies became possible only at the advent of homogeneous sky surveys, implementing certain selection conditions.
The first catalog of flat edge-on galaxies, the Flat Galaxy Catalog, FGC(E) and its updated RFGC version are published in [8, 9] . The RFGC catalog [9] covers the entire sky and contains 4236 galaxies, visually selected on the blue (further, B) and red (further, R) prints of the first Palomar sky survey POSS-I and the ESO/SERC survey, with the "blue", in the POSS-I system, major axis (a/b) B ≥ 7 at the angular diameter (major axis) of a B ≥ 0. ′ 6. Further, for brevity, we shall use the expressions "blue (red) diameter" and "blue (red) axial ratio", referring to the diameter and the galaxy image axial ratio on the blue (red) print. The criterion of the axial ratio was later used as one of the main factors creating the catalogs of flat spiral galaxies: in the near infrared 2MASS range [10] , in 2MFGC [11] and in different releases of the Sloan survey: SDSS DR1 [12] and SDSS DR7 [13] .
In his review paper [7] Kautsch describes various models of formation and evolution of thin disks, the properties of such objects based on the data from the catalogs [8, 9, 12] , as well as the results of observations of individual objects. The details can be found in the extensive list of references therein. Note that the choice of the apparent axial ratio criterion for ultra-thin galaxies by different authors is rather arbitrary (see the survey of observational data in [7] ). For example, Goad and Roberts [14] give the results of spectroscopic observations for the galaxies with a/b in the range of 9-20 (the optical range).
The well-known "classical" superthin isolated galaxy UGC 7321 = FGC 1403 = RFGC 2246 = 2MFGC 9681 Figure 1 . A pair of images of the UGC 7321 galaxy, obtained at the 6-meter BTA telescope with the SCORPIO focal reducer [17] . Top: an image in the continuum with the SED607+SED707 filters, a/b = 14. Bottom: an image in the line of Hα with the subtraction of the continuum, a/b = 38. The scale and orientation are shown in the corners of the bottom image.
(KIG 524 [15] = 2MIG 1699 [16] ) has an axial ratio of (a/b) B = 16, (a/b) R = 13 in the RFGC. Meanwhile, the Hα line observations for the subsystem of the emission H II regions of this galaxy give the axial ratio of (a/b) Hα = 38 (see Fig. 1 ). These numbers show that the axial ratio of a galaxy depends on the color (age) of its stellar population. The flattest subsystem is formed by the youngest stars with the age of about 10 Myr, concentrated in the H II regions.
For all the galaxies in the FGC(E) catalog, the apparent axial ratio in the blue range does not exceed (a/b) B = 22.4. It corresponds to the maximum value of true (spatial) axial ratio of 25.8 [18] . The latter value is of vital importance for the models of formation and stability of thin stellar disks. The aim of this study is to create an exemplary sample of ultra-thin galaxies from the RFGC catalog and compare the presented properties of such objects, located in different environments. Section 2 briefly enumerates selection effects, affecting the image of a spiral galaxy seen edge-on, and describes the selection procedure of ultra-thin galaxies from the RFGC catalog. Section 3 shows the characteristics of ultra-thin galaxies compared with all the RFCG galaxies. In Section 4, we consider different ways of identifying the environment and compare the catalog properties of ultra-thin galaxies, located in different environments. Brief conclusions are given in Section 5.
A SAMPLE OF SUPER-THIN EDGE-ON SPIRAL GALAXIES
The distribution of the RFGC galaxies by the blue (B) and red (R) axial ratios is demonstrated in Fig. 2 . As shown in [19] , the linear regression between them has the shape of (a/b) R = 0.853(a/b) B with a rather large dispersion. To sever the galaxies with prominent bulges, we chose the following conditions as a criterion for a super-thin (ultra-flat) galaxy (Ultra Flat Galaxies = UFG): (a/b) B ≥ 10.0 and (a/b) R ≥ 8.53 (the upper right corner of Fig. 2.) Obviously, the statistics of the observed properties of ultra-thin galaxies selected this way is affected by various selection effects. Let us list the main ones:
(1) In the remote/small/faint galaxies the axial ratio is determined, basically, by the size of the minor axis b, which is affected by the resolution of the photographic emulsion and the seeing.
Thus, for a galaxy with a = 36 ′′ and a/b = 10 the value amounts to b = 3. ′′ 6, which is comparable to the typical resolution on the photographs of the Palomar sky survey of about 3 ′′ .
(2) The amount of data on the radial velocities of distant, V LG > 10 000 km s −1 galaxies rapidly decreases with increasing distance, hence, it becomes difficult to estimate the number of their natural satellites.
(3) The shapes of the galaxies in the zone of the Milky Way, especially the edge-on late spirals are affected by the absorption in our own Galaxy, as well as the foreground stars.
The angular size distribution of the RFGC galaxies and the influence of the abovementioned effects can well be seen on the panels of Fig. 3 , where the "log (b B )-log (a B )" and "log (b R )-log (a R )" diagrams are presented to the left and right, respectively. A thin line on both panels is determined by the condition a/b = 7, i.e. log (b) = log (a) − 0.845. The following features are distinctly conspicuous: a) in red color the RFGC galaxies on the average look thicker than in blue color; b) the diameter dispersion increases with decreasing size of galaxies; c) at the value of log (b) ∼ −1.3 (b ∼ 3 ′′ ) the shortage of the number of galaxies becomes noticeable caused by the limit, resulting from the resolution of the photographic emulsion. For small-sized galaxies the measurement resolution Figure 3 . The left plot shows the distribution of 4236 flat galaxies of the RFGC catalog by the blue major and minor diameters log (bB) vs. log (aB) in minutes of arc. The thin line corresponds to the condition (a/b)B = 7, i.e. log (bB) = log (aB) − 0.845. The dashed line is drawn for the value of aB = 1.
′ 0. The right plot shows the distribution of 4236 RFGC flat galaxies by the red major and minor diameters log (bR) from log (aR). The thin line corresponds to the condition (a/b)R = 7. Table 1 . The distribution of RFGC galaxies by the blue major diameters and radial velocities VLG of minor diameter is evident.
A simultaneous fulfillment of the conditions (a/b) B ≥ 10.0 and (a/b) R ≥ 8.53 isolates 19% of ultra-flat galaxies with the diameter of a B ≥ 0. ′ 6 from the entire RFGC catalog. We shall designate this sample of 817 galaxies the "base UFG." Taking into account the above-mentioned selection effect we introduce additional restrictions: V LG ≤ 10 000 km s −1 , and galactic latitude |b| > 10 • . Four hundred and ninety objects satisfy the required criteria of ultra-thin galaxies (the "N = 490" sample). Table 1 gives a comparison of the twodimensional distributions of the RFGC galaxies by the radial velocities in the Local Group system and the major blue angular diameters. We have adopted the radial velocity estimates from the NED 1 and HyperLeda 2 databases. The denominator contains the number of all the RFGC galaxies (a B ≥ 0. ′ 6, (a/b) B ≥ 7) with V LG ≤ 10 000 km s −1 (this is the "N = 2078" sam-ple), the numerator contains the number of all the ultra-thin galaxies, while the percentage of ultra-thin galaxies in the appropriate bin is in the brackets.
The data of Table 1 demonstrate a significant decrease in the fraction of ultra-thin galaxies with the angular diameters from 0. ′ 99 to 0. ′ 60 for all the radial velocity ranges. No significant difference is observed in the fraction of ultra-thin N = 490 sample galaxies in all the radial velocity ranges, except the first (with a small number of objects) and the last one. Recall that the statistics for the distant galaxies is affected by the selection effects noted above. Therefore, to achieve an acceptable completeness we select a yet more refined sample, N = 441 (the last column of Table 1) in which the a B ≥ 1. ′ 0 condition is fulfilled instead of a B ≥ 0. ′ 6. It amounts to about 10% of the total number of flat RFGC galaxies. Earlier, in [20] we found that the FGC(E) catalog itself is about 90% complete at a B ≥ 1. ′ 0. The data of Table 1 shows that the sample of ultra-thin galaxies is as well almost complete for the galaxies with the velocities of less than 10 000 km s −1 exactly given a B ≥ 1. ′ 0.
The Schmidt test V /V max [21] for the N = 441 sample is given in Fig. 4 . For the maximum and initial angular diameter the values of 6 ′ and 0. ′ 6 have been taken, respectively. It is evident that the completeness at the level of 80-90% is achieved at a min ∼ 1. ′ 0.
The Annex gives a list of RFGC numbers for 817 galaxies of the base UFG-sample. The RFGC-numbers of galaxies of the refined UFG-sample N = 441 are marked with two asterisks, 49 galaxies outside the UFG-sample, but included in the N = 490 sample, are marked with one asterisk. Figure 5 gives the maps of sky distributions in the equatorial coordinates for the RFGC galaxies (points) and the UFG sample (filled circles). The gray watercolour wash designates the region of strong absorption near the Galactic equator | b |≤ 10 • . The following sections by the radial velocities are presented: V LG < 3000 km s −1 , 3000 < V LG < 10 000 km s −1 , V LG > 10 000 km s −1 , the radial velocities are not measured. The array of the images gives an idea of the relative positions of the UFG sample objects and all the flat galaxies from the RFGC catalog at different depths.
On the top panel of Fig. 5 we can see that the nearby ultra-thin galaxies barely outline the Local Supercluster. An excess of UFGs in the region of the Local Supercluster center (RA = 12. h 5, Dec = +12 • ) as compared to the homogeneous distribution is only ∆N ∼ 5 of galaxies. The section of 3000-10 000 km s −1 (the second panel from the top) is filled the most complete mainly due to the observations with the 300-m Arecibo Observatory radio telescope [22] , the 6-m BTA telescope [23] and the 100-m Radio Telescope Effelsberg [24, 25] . The galaxies in this radial velocity interval also show a barely discernible concentration in the regions of the well-known Coma and Pisces-Perseus clusters. Note that Fig. 5 and the data in Table 1 are highly complementary. This way, the two last lines of Table 1 for the galaxies with the angular diameters in the range of 0. ′ 60-0. ′ 99 show a noticeable lack of radial velocity measurements. Wherein an excessive localization of galaxies without radial velocities is observed in the southern hemisphere (the bottom panel). • . From top to bottom, the following sections by radial velocities are presented: VLG < 3000 km s −1 , 3000 < VLG < 10 000 km s −1 , VLG > 10 000 km s −1 , and radial velocities are not measured.
THE PROPERTIES OF ULTRA-THIN GALAXIES COMPARED WITH THE RFGC GALAXIES
Among the 2078 galaxies of the RFGC catalog with radial velocities V LG < 10 000 km s −1 , the average radial velocity in the Local Group rest frame amounts to 5553 ± 54 km s −1 . For the UFG sample of galaxies with angular diameters exceeding 0. ′ 6 (N = 490) and 1. ′ 0 (N = 441), the average velocity value is 5438 ± 104 km s −1 and 5366 ± 110 km s −1 , respectively. This means that all the three samples insignificantly differ in depth. Table 2 shows the distribution of galaxies by the morphological types of spirals in the initial RFGC catalog, in the sample of ultra-thin galaxies, and in the RFGC and UFG samples with measured velocities. The last two rows of Table 2 give the percentage of the ultra-thin galaxy sample objects in the corresponding bins. The first line contains the designations of the spiral types in the Hubble system, the second line in the de Vaucouleurs digital system. As it was shown in [19] , our estimates of different types vary from the digital estimates of de Vaucouleurs on the average by not more than ±1. In the same paper [19] it was noted that the RFGC galaxies show no dependence of the apparent axis ratio (or type) on the radial velocity up to values of about 10 000-12 000 km s −1 . As follows from the Table 2 data, the peak number of galaxies for the entire catalog, as well as the N = 2078 sample falls on the Sc type. For the UFG N = 817 and N = 441 samples the peak shifts to the Sd type, both in the general and in the fraction distributions. The fraction of ultra-thin galaxies rapidly decreases from the Sd type to later Sdm and Sm types, since turbulent motions play a significant role in the dynamics of the latter. As we can see, the morphological types of 80% of UFG-galaxies lie in the narrow range of T = 7 ± 1. This is consistent with the result of [6] : the thinnest stellar disks are found in the galaxies classified as Scd, Sd, Sdm.
The surface brightnesses for the RFGC galaxies were estimated visually and were divided by the average surface brightness index SB: I, II, III and IV (where the class I galaxies have the highest surface brightness). Table 3 two rows of Table 3 specify the percentage of UFG galaxies among the RFGC-galaxies of each SB class with and without radial velocity measurements. These data show that there has been a decrease in the fraction of high surface brightness objects in the transition from flat RFGCgalaxies to ultra-flat UFGs. This trend corresponds to the expected dropout of galaxies with small bulges (Sbc type) compiling the UFG sample. In other words, in the transition from flat to ultra-flat galaxies there is a shift of the SB index towards faint surface brightness, SB = III, IV (or about 25.6-25.9 mag/arcsec 2 [8] ). Thus, a typical super-thin galaxy is a Sd-type spiral galaxy with low surface brightness. The diminished surface brightness can be caused by a stronger absorption of light in the ultra-thin galaxies seen strictly edge-on, or rather by the lower density of their stellar disks.
The asymmetry of shape of a flat galaxy is quite difficult to estimate without a deep enough surface photometry. Hence the results given in Table 4 should be evaluated as preliminary. The shape asymmetry was characterized in the RFGC catalog as the As index, which took the values 0, 1 and 2 for the regular, intermediate and clearly disturbed forms, respectively. As we can see from the table data, flat galaxies of regular shapes make up from 62 to 70% and the most asymmetric from 5 to 8% both throughout the catalog, and in the individual samples. It also follows from the data in Table 4 that the proportion of ultra-thin galaxies of different types of asymmetry among the N = 2078 sample of galaxies is about 20%, showing a slight tendency to decrease from regular to intermediate and disturbed shapes. Therefore, our data shows no distinct relationship between the relative thickness of the stellar disk of a spiral galaxy and the degree of perturbations of its periphery.
THE PROPERTIES OF ULTRA-THIN GALAXIES DEPENDING ON THEIR ENVIRONMENT
We determined the density of the environment in several ways.
(1) In the RFGC catalog for each galaxy with the a B diameter significant neighbors with angular diameters in the range of [a B /2 − 2 a B ], located in a circle of R = 10 a B radius were counted. At that, the neighbors were identified the same way for all the galaxies. By the time of the catalog publication, the data on the radial velocities of RFGC galaxies and especially their fainter neighbors were very scarce. Therefore, the given numbers of neighbors in the projection give an idea only on the surface density of the background around the RFGC galaxies not accounting for its depth. Figure 6 demonstrates the histograms of distribution of the galaxies from four samples: RFGC, N = 2078, N = 490 and N = 441 by the number of significant neighbors. The right-hand side scale in each panel indicates the percentage of galaxies in the corresponding sample with the designated number of neighbors in the projection. The behavior of the distribution is about the same for the considered samples, and only 2-5% of the galaxies in each sample and in the entire RFGC catalog have more than three neighbors. As follows from the data in Fig. 6 , there is a slight upward trend in the proportion of isolated galaxies in the transition from flat to ultra-flat galaxies.
(2) For each super-thin galaxy of the UFG samples we determined the number of galaxies with relative radial velocities in the range of +500, −500 km s −1 to the limiting projection distance of R = 750 kpc. Unlike in the previous case, radial velocities of galaxies were taken into account here. However, the neighbors, as in selection (1) can not reliably form physical systems with the UFG sample galaxies, although they share with them a fairly well-indicated general field by the velocities and distances.
The distribution of ultra-thin galaxies by the number of such neighbors for the N = 490 and N = 441 samples is shown in panels of Fig. 7 to the left and right, respectively. The lefthand side scale in the panels shows the number of galaxies in the bin, while the right-hand side scale indicates their percentage. The last value on both panels corresponds to the cases of seventeen or more neighbors.
We can see from the data of Fig. 7 that only a third (31%) of ultra-thin galaxies have no neighbors within this range of radial velocities and projection distances. This value is smaller than the proportion of isolated galaxies, 56%, taking the neighbors into account by method (1). It should be noted, however, that not all the neighbors with the velocities in the range of +500, −500 km s −1 and projection distances of R < 750 kpc are the natural companions of ultraflat galaxies. Some of them may belong together with the UFGs to the diffuse elements of the large-scale structure (filaments and walls).
(3) To all the galaxies with radial velocities below 20 000 km s −1 in the HyperLeda database at the galactic latitude of | b |> 10 • the clustering algorithm, described in detail in [26, 27] was applied. Uniting the galaxies into systems of different populations, individual characteristics of all the galaxies were used, namely, their radial velocities, projected separations and masses determined by the integral infrared luminosity in the infrared K s -band. Initially, we isolated physical pairs satisfying the conditions of the full negative energy, and pair location within the "zero velocity" sphere [28] . Then all the pairs with any common component were combined into a group. Eventually we had the data for the entire sky on the groups of galaxies and their environment up to 10 000 km s −1 . The resulting catalog was used for the analysis of the environment of galaxies of the RFGC catalog and the N = 490 and N = 441 samples. In this paper we used the following statuses to describe the environment: "isol" for isolated galaxies, "root" for the main member of the group, "mem" for a member of the group. Hence, method (3) gives a more accurate representation of the physical environment of ultra-thin galaxies than method (2) , and the more so method (1).
For the N = 490 and N = 441 samples, we determined the frequency of galaxy occurrence in different environments. We considered the cases of selection by method (3) with the "isol," "root" and "mem" status of a galaxy, as well as by method (2), when a galaxy has 0, 1, and 2 or more neighbors. The results are presented in Table 5 . As follows from these data, more than 60% of ultra-thin galaxies belong to the category of dynamically isolated objects, about 30% are nonprincipal members of scattered groups (associations, filaments or walls) and only the tenth of them are classified as dynamically dominant objects with respect to their nearest neighbors. The numbers in three right-hand side columns of Table 5 are consistent with the data of Fig. 6 showing that more than a half of UFG galaxies, which have no neighbors by the selection method (2) are in fact dynamically isolated objects. Analyzing the average characteristics of ultraflat galaxies relating to the categories "isol," "root" and "mem," we have noted the following trends. The isolated ultra-thin galaxies on the average have a later morphological type. The dimmest average surface brightness is typical of isolated UFG galaxies. The degree of asymmetry of an ultra-flat galaxy reveals a positive correlation with the number of its neighbors.
DISCUSSION AND SUMMARY
Among the 4236 flat galaxies of the RFGC catalog [9] , in which, by definition, the blue axial ratios satisfy the relation (a/b) B ≥ 7.0, we have selected a sample of ultra-flat spiral galaxies, Ultra Flat Galaxies, UFG. This sample covers the entire northern and southern sky (except for the zone of the Milky Way) and comprises 817 galaxies with blue and red axial ratios (a/b) B ≥ 10.0 and (a/b) R ≥ 8.53, respectively. Within this initial (base) sample of ultra-thin spirals seen edgeon, we fix a refined sample of 441 UFG galaxies, satisfying the following conditions: radial velocity of the galaxy V LG < 10 000 km s −1 , Galactic latitude | b |> 10 • , the major angular diameter a B ≥ 1. ′ 0. According to the Schmidt test, a list of 441 UFG galaxies, designated as (**) in the Annex, is approximately 80-90% complete and can serve as a model sample for the analysis of various characteristics of ultra-flat galaxies.
We notice UGC 7321=RFGC 2246 as a prototype of UFG-galaxies. This is an isolated spiral with a blue and red axial ratio of 16 and 13 respectively. On the Hα-line image from [17] a subsystem of young (about 10 Myr) stars, immersed in the H II regions, has an apparent axial ratio of (a/b) Hα = 38, which is the highest value among the flat galaxies. It is known that ultrathin disks of galaxies are mainly found in the low number-density regions of the surrounding galaxies. We have estimated the density of the UFG environment in three different ways.
(1) In the RFGC catalog for each galaxy with the a B diameter, significant neighbors with the angular diameters in the range of a B /2-2 a B , located in a circle of R = 10 a B radius were counted.
(2) The number of galaxies with relative radial velocities in the range of +500, −500 km s −1 to the projected linear distance of R = 750 kpc was determined.
(3) The environment density was determined by the clustering method.
A comparison of the UFG list galaxies with the objects of the entire RFGC catalog allows us to draw the following conclusions.
(a) More than 3/4 of UFG galaxies have their morphological types in a narrow range of values T = 7 ± 1. In other words, the thinnest stellar disks are found in the galaxies that are classified as Scd, Sd, Sdm. This conclusion is in direct correspondence with the previous results of Heidmann et al. [6] .
(b) There appears a trend of diminishing average surface brightness in ultra-thin galaxies in the transition from the RFGC to the UFG sample. It is mainly due to the elution of the Sbc-type galaxies with small bulges from the UFG sample. The other probable reason could be a stronger internal absorption of light in the ultra-thin galaxies seen edge-on.
(c) Regularly shaped disks of galaxies with no signs of asymmetry (disturbances) make up about 2/3 both in the main RFGC catalog and in the UFG sample. We observe only a slight tendency to an increase in the relative number of undisturbed shapes in super-thin galaxies. In general, the thickness of the stellar disk of a spiral galaxy is not related to the degree of disturbance (asymmetry) of its periphery.
(d) Using different methods of estimating the surrounding density of the UFG and RFGC galaxies, we have shown that the relative number of isolated galaxies depends on the apparent axis ratio of the stellar disk only marginally. According to our preliminary estimates, about 60% of ultra-flat galaxies can be classified as dynamically isolated objects, about 30% of them are part of the scattered associations (filaments and walls), and only about 10% of them are dynamically dominant object relative to their nearest neighbors.
In the following publications of this series we suggest to consider the integral (optical and radio) properties of ultra-flat spiral galaxies, and make the mass estimates of the dark haloes, enveloping the disks of UFG galaxies.
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ANNEX
The list of RFGC numbers for 817 galaxies of the base sample. The catalog RFGC-numbers of galaxies from the N = 490 sample are marked by one asterisk (*). The catalog RFGC-numbers of galaxies from the N = 441 sample are marked by an additional asterisk and are listed in the base sample as (**).
